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7KH� KRUL]RQWDO� GLUHFWHG� FU\VWDOOL]DWLRQ
�+'&��LV�DPRQJ�WKH�PRVW�HIIHFWLYH�PHWKRGV
LQ� JURZLQJ� RI� ODUJH� FU\VWDOV�� 7KH� GHYHORS�
PHQW�RI�QRYHO�JDV�SKDVH�+'&�WHFKQLTXHV�>��
�@� PDGH� LW� SRVVLEOH� WR� H[SDQG� FRQVLGHUDEO\
WKH�SRWHQWLDO�RI�WKDW�PHWKRG��7KH�PDLQ�DG�
YDQWDJHV� RI� WKRVH� WHFKQLTXHV� DUH� EDVHG� RQ
WKH�XVH�RI�FDUERQ�JUDSKLWH�FRQVWUXFWLRQ�PD�
WHULDOV�SURYLGLQJ�D�UDWKHU�VLPSOH�FRQWURO�RI
WKHUPDO�ILHOG�DQG�WHPSHUDWXUH�JUDGLHQW�GLV�
WULEXWLRQ� LQ� WKH� JURZLQJ� FU\VWDO�� 7KH� SUHV�
VXUH� DQG� UHGXFLQJ� SRWHQWLDO� RI� WKH� JDV�PH�
GLXP�SURYLGHV�WKH�SURWHFWLRQ�RI�WKH�IXUQDFH
PDWHULDOV� DQG� UHGXFWLRQ� RI� PDVV� WUDQVIHU
WKHUHLQ�� 7KH� FU\VWDOOL]DWLRQ� LQ� WKH� ]RQH
PHOWLQJ� PRGH� PDNHV� LW� SRVVLEOH� WR� JURZ

FU\VWDOV�DW�D�UDWKHU�KLJK�KRPRJHQHLW\�RI�WKH
DFWLYDWRU�GLVWULEXWLRQ�DORQJ�WKH�FU\VWDO��7KH
WUDQVYHUVDO� FRQFHQWUDWLRQ� JUDGLHQW� LQ� WKH
FU\VWDO� LV� VXEVWDQWLDOO\� ]HUR� LQ� WKLV� FDVH�
7KXV��WKH�JDV�SKDVH�+'&�WHFKQLTXHV�DUH�RI
JRRG�SURPLVH�LQ�WKH�JURZWK�RI�ODUJH�VFLQWLO�
ODWLRQ� FU\VWDOV�� LQ�SDUWLFXODU��RI� FHULXP�DF�
WLYDWHG� RQHV�� VLQFH� WKH� UHGXFLQJ� JURZLQJ
FRQGLWLRQV�IDYRU�WKH�LQWURGXFWLRQ�RI�FHULXP
LQ� WKH� &H��� VWDWH�� 7KLV� ZRUN� SUHVHQWV� WKH
VWXG\� UHVXOWV� RI� RSWLFDO� DEVRUSWLRQ� DQG� OX�
PLQHVFHQFH� RI� DFWLYDWHG� <$*�&H� FU\VWDOV
SUHSDUHG� ILUVW� XVLQJ� WKH� JDV� SKDVH� +'&
WHFKQLTXH�LQ�UHGXFLQJ�DWPRVSKHUH�

7KH� FU\VWDOV� ZHUH� JURZQ� LQ� D� IXUQDFH
SURYLGHG� ZLWK� WXQJVWHQ� KHDWHU� DQG� FDUERQ�
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JUDSKLWH�WKHUPDO�LQVXODWLRQ�LQ�UHGXFLQJ�&2
DQG�+�� DWPRVSKHUH� DW��� WR����3D�SUHVVXUH�
7KH� JURZWK� PHGLXP� ZDV� IRUPHG� LQ� WKH
JURZWK� IXUQDFH� VSRQWDQHRXVO\�GXH� WR� LQWHU�
DFWLRQ�RI�WKH�PHOW�YDSRU�DQG�UHVLGXDO�JDVHV
ZLWK� WKH� FDUERQ� RI� WKH� LQVXODWLRQ�� LWV� SUHV�
VXUH� ZDV� GHILQHG� E\� WKH� IXUQDFH� SXPSLQJ�
RXW�UDWH�SURYLGHG�E\�D�PHFKDQLFDO�SXPS�>�@�
7KH�EURNHQ�<�$O�2���FU\VWDOV�DQG�&H2��SRZ�GHU� ����� WR� �� ZW�� �� LQ� WKH� EOHQG�� ZHUH
ORDGHG� LQWR� D� PRO\EGHQXP� FUXFLEOH�� 7KH
FU\VWDO� SXOOLQJ� VSHHG� ZDV� �� WR� �� PP�K�
1RQ�DFWLYDWHG�<$*�FU\VWDOV�ZHUH�JURZQ�DOVR
IRU� FRPSDULVRQ� SXUSRVH�� 7KH� GRXEOH�VLGH
SROLVKHG� SODWHV� RI� ��u��u��PP�� DQG
��u��u��PP��ZHUH�SUHSDUHG�IURP�WKH�VDPH
DUHDV� RI� WKH� FU\VWDOV� REWDLQHG�� 7KH� WUDQV�
PLVVLRQ� VSHFWUD�ZHUH� UHFRUGHG�XVLQJ�D�6SH�
FRUG� 89�9,6� VSHFWURSKRWRPHWHU�� WKH� OXPL�
QHVFHQFH� RQHV�� XVLQJ� D� 6'/��� VSHFWUR�
SKRWRPHWHU��D�'.66K����[HQRQ� ODPS�EHLQJ
XVHG�DV�WKH�H[FLWDWLRQ�VRXUFH�

7KH� JURZQ� <$*�&H� FU\VWDOV
����u��u���PP��� H[KLELW� D� KRPRJHQHRXV
\HOORZ�JUHHQ� FRORUDWLRQ� ZKLOH� WKH� QRQ�DFWL�
YDWHG�RQHV� DUH� HVVHQWLDOO\� FRORUOHVV� �D�ZHDN
OLODF�WLQW���1R�LQFOXVLRQV�RU�D�YLVLEOH�VWUHDNL�
QHVV�DUH�REVHUYHG�ZLWKLQ�WKH�FU\VWDO�YROXPH�
)LJ����SUHVHQWV�WKH�DEVRUSWLRQ�VSHFWUD�RI�WKH
FU\VWDOV� FRQWDLQLQJ� YDULRXV� FHULXP� FRQFHQ�
WUDWLRQV�� ,W� IROORZV� IURP� WKH� VSHFWUD� WKDW
WKH�<$*�&H� FU\VWDOV� VKRZ�DEVRUSWLRQ�EDQGV
DW�������������������������QP�DV�ZHOO�DV�D
ZLGH�EDQG�LQ�WKH�����WR�����QP�UDQJH�ZLWK
ZHDN�UHVROYHG� SHDNV� WKHUHLQ�� 7KH� ����� ���
DQG�����DEVRUSWLRQ�EDQGV�FRUUHVSRQG�WR�WKH
�I�o�G�� WUDQVLWLRQ� LQ�&H��� LRQV�ZLWKLQ� WKH
<$*� ODWWLFH� >����@�� 6LQFH� WKH� FU\VWDOV� ZHUH
JURZQ� LQ� D� UHGXFLQJ� PHGLXP�� WKH� LQWHQVH

EDQG�DW�����QP�PD\�EH�GXH�WR�DEVRUSWLRQ�RI
LQWULQVLF� FRORU� FHQWHUV� EDVHG� RQ� DQLRQLF� YD�
FDQFLHV� RI� )�� )�� FHQWHU� W\SH�� 7KH� MXGJH�
PHQWV�RQ� LWV�QDWXUH�DUH�VWLOO�DPELJXRXV�� ,Q
SDUWLFXODU�� LW� LV� VXSSRVHG� WKDW� WKH� ���� QP
EDQG�LV�GXH�E\�WKH�JURZWK�GHIHFWV�UHVXOWLQJ
IURP�WKH�PHOW�VWRLFKLRPHWU\�GLVWRUWLRQV�DQG
LV� DVVRFLDWHG�ZLWK� FDSWXULQJ� RI� WKH� FU\VWDO�
IRUPLQJ�FDWLRQV�LQ�WKH�LQWHUVWLFHV�>����@��2Q
WKH� RWKHU� KDQG�� WKH� VWXGLHG� FDUULHG� RXW� LQ
>�@�HYLGHQFH�WKDW�WKH�����DQG�����QP�EDQGV
UHVXOW� PRVW� OLNHO\� IURP� WKH� DQLRQLF� QRQ�
VWRLFKLRPHWU\� RI� \WWULXP�DOXPLQXP� JDUQHW�
7KH� WZR� ZHDN�UHVROYHG� SHDNV� LQ� WKH� ���Ü
���� QP� UHJLRQ� DUH� QHDWHVW� WR� WKH� ���� QP
DEVRUSWLRQ� EDQG� FRUUHVSRQGLQJ� WR� WKH
FKDUJH�H[FKDQJH� WUDQVLWLRQ� RI� )H��� >�@� DV
ZHOO� DV� WR� WKH� ���� QP� RQH� RI� DQ� XQHVWDE�
OLVKHG�QDWXUH�>�@�

&RPSDULVRQ�RI�WKH�VSHFWUD��)LJ�����VKRZV
WKDW� DV� WKH� FHULXP� FRQFHQWUDWLRQ� ULVHV�� WKH
DEVRUSWLRQ� LQ� WKH� ���� DQG� ���� QP� EDQGV
GHFUHDVHV� ZKLOH� LQFUHDVLQJ� LQ� WKH� ���Ü
���� QP� UHJLRQ�� 7KXV�� LW� FDQ� EH� VXSSRVHG
WKDW�KHWHURYDOHQW�FHULXP�LRQV�PD\�DVVLVW�LQ
WKH� FRORU� FHQWHU� FRQYHUVLRQ�� 7KH� IROORZLQJ
SURFHVV� LV� SRVVLEOH� LQ� WKH� UHGXFLQJ� JURZWK
FRQGLWLRQV�

&H�����)�o�&H�����)��
ZKHUH� D� IUDFWLRQ� RI�)� FHQWHUV� LV� FRQYHUWHG
LQWR� )�� RQHV�� 7KHQ�� WKH� ���� DQG� ���� QP
EDQGV�PXVW�FRUUHVSRQG�WR�)�FHQWHUV�DQG�WKH
DEVRUSWLRQ� LQ� WKH� ���Ü����QP� UHJLRQ�PXVW
EH� DVVRFLDWHG� ZLWK� )�� RQHV�� 7R� FKHFN� WKH
FRQQHFWLRQ� EHWZHHQ� WKH� FRORU� FHQWHUV� DQG
DQLRQLF�QRQ�VWRLFKLRPHWU\��WKH�VDPSOHV�ZHUH
DQQHDOHG�LQ�DQ�R[LGL]LQJ�PHGLXP��L�H��LQ�DLU
DW������&�IRU����K��VHH�)LJ������,W�KDV�EHHQ
HVWDEOLVKHG� WKDW� WKH� DQQHDOLQJ� UHVXOWV� LQ� D
FRQVLGHUDEO\� GHFUHDVHG� DEVRUSWLRQ� DW� ����

)LJ����� (IIHFW� RI� R[LGDWLYH� DQQHDOLQJ� RQ� WKH
<$*�&H�RSWLFDO�DEVRUSWLRQ�����SULRU�WR�DLU�DQ�
QHDOLQJ�����WKHUHDIWHU��

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� <$*� FU\VWDOV
ZLWK�YDULRXV�&H�FRQFHQWUDWLRQV��&XUYHV������
��FRUUHVSRQG�WR�����������DQG�����ZW���&H2�FRQWHQW�LQ�WKH�EOHQG��UHVSHFWLYHO\��FXUYH���LV
IRU�XQGRSHG�<$*�
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���� QP� DV� ZHOO� DV� LQ� WKH� ���Ü���� QP�� VR
WKDW� WKH� VSHFWUXP�FRQWDLQV� RQO\� FHULXP�DE�
VRUSWLRQ� EDQGV�� ,W� LV� NQRZQ� WKDW� DQ� DQQHDO
LQ� R[LGL]LQJ� PHGLXP� PXVW� FDXVH� DQ� LQ�
FUHDVHG�RU�DW�OHDVW�XQFKDQJHG�DEVRUSWLRQ�LQ�
WHQVLW\� RI� )H��� LRQV� DW� ���� QP� >�@�� 0RUH�
RYHU��WKH�FRPSDULVRQ�RI�WKH�VSHFWUD�LQ�)LJ���
VKRZV� WKDW� WKH� DEVRUSWLRQ� PHQWLRQHG� LV
PRVW� SURQRXQFHG� LQ� FHULXP�GRSHG� FU\VWDOV
RQO\� DQG� LV� DEVHQW� LQ� XQGRSHG� <$*� RQHV�
6LQFH�WKH�JURZLQJ�ZDV�FDUULHG�RXW�LQ�UHGXF�
LQJ�DWPRVSKHUH��WKH�DEVRUSWLRQ�QHDU�����QP
LQ� <$*�&H� FU\VWDOV� FDQ� EH� VXSSRVHG� WR� EH
GXH� WR� D� FRPSOH[� DFWLYDWRU�YDFDQF\� FHQWHU
RI�&H��Ü)�W\SH�

7R� VWXG\� WKH� OXPLQHVFHQFH� VSHFWUD� RI
JURZQ� FU\VWDOV�� WKRVH� ZHUH� H[FLWHG� WR� WKH
���� QP� DEVRUSWLRQ� EDQG� RI� FHULXP� LRQV� DV
ZHOO�DV�DW�����QP�WR�H[FLWH�D�GHIHFW�LQGXFHG
OXPLQHVFHQFH�LQ�WKH�89�VSHFWUDO�UHJLRQ�GXH
WR� WKH�SUHVHQFH�RI�DQWL�VLWH�GHIHFWV�RI�<$O��W\SH� >��@�� 7KH� REWDLQHG� VSHFWUD� �)LJV����� ��
DUH� FKDUDFWHUL]HG� E\� D� ZLGH� OXPLQHVFHQFH
EDQG� RI� &H��� LRQV� DW� ���Ü���� QP� DQG� D
EDQG�QHDU�����QP�WKDW� LV� WR�EH�DVFULEHG�WR
WKH� FHQWHUV� DEVRUELQJ� DW� ���� DQG� ���� QP�
DV�LV�VKRZQ�E\�WKH�VWXG\�RI�H[FLWDWLRQ�VSHF�
WUD� >�@�� 7KXV�� LQ� RXU� RSLQLRQ�� WKH� OXPLQHV�
FHQFH�DW�����QP�LV�GHILQHG�E\�WKH�)�FHQWHUV�
7KH� OXPLQHVFHQFH�PD[LPXP�RI� FHULXP� LRQV
����Ü���� QP�� IRU� WKH� FU\VWDOV� JURZQ� LQ� D
UHGXFLQJ�PHGLXP�LV�VKLIWHG�D�OLWWOH�WRZDUGV
VKRUWHU�ZDYHOHQJWKV��7KLV�LV�FRQQHFWHG�PRVW
OLNHO\�ZLWK�FKDQJHV�LQ�WKH�FHULXP�LRQ�QHLJK�
ERUKRRG�GXH�WR�DQLRQLF�QRQ�VWRLFKLRPHWU\�RI
\WWULXP�DOXPLQXP�JDUQHW�� 7KH� LQWULQVLF� OX�
PLQHVFHQFH� RI� <$*� FDXVHG� E\� WKH� DQWL�VLWH

GHIHFWV�ZDV�QRW�UHYHDOHG�VXEVWDQWLDOO\�LQ�WKH
VDPSOHV�VWXGLHG��)LJ������7KLV�PLJKW�EH�GXH
WR�WKH�SRVVLEOH�IDOOLQJ�RI�WKH�����QP�FHULXP
DEVRUSWLRQ� EDQG� LQWR� WKH� GHIHFW� OXPLQHV�
FHQFH� RI� <$*�&H� DQG� LWV� TXHQFKLQJ� UHVXOW�
LQJ� IURP� WKH� DQLRQLF� QRQ�VWRLFKLRPHWU\� RI
WKH�FU\VWDOV�

7R�FRQFOXGH��FHULXP�DFWLYDWHG�<$*�VLQJOH
FU\VWDOV� IUHH� RI� DQ\� LQFOXVLRQV� DQG� YLVLEOH
LQKRPRJHQHLWLHV� RI� WKH� DFWLYDWRU� GLVWULEX�
WLRQ�KDYH�EHHQ�JURZQ�E\�WKH�+'&�PHWKRG�LQ
D�UHGXFLQJ�JDV�PHGLXP�DW���WR����3D�SUHV�
VXUH��7KH�FU\VWDOV�VKRZ�DEVRUSWLRQ�EDQGV�DW
���� DQG� ���� QP� DV�ZHOO� DV� D� ZLGH� DEVRUS�
WLRQ�EDQG�LQ�WKH�����WR�����QP�UDQJH�ZLWK
ZHDN�UHVROYHG� SHDNV� WKHUHLQ� EHVLGHV� RI� FH�
ULXP� LRQ� DEVRUSWLRQ� EDQGV�� 7KH� DEVRUSWLRQ
LQWHQVLW\� LQ� WKRVH� EDQGV� KDV� EHHQ� HVWDE�
OLVKHG� WR� EH� LQ� D� FRUUHODWLRQ� ZLWK� FHULXP
FRQWHQW��$�PRGHO�LV�SURSRVHG�WR�GHVFULEH�WKH
WUDQVIRUPDWLRQ� RI� DEVRUSWLRQ� VSHFWUD� \W�
WULXP�DOXPLQXP�JDUQHW�FU\VWDOV�JURZQ�LQ�D
UHGXFLQJ�PHGLXP��$FFRUGLQJ� WR� WKH�PRGHO�
DV� WKH� FHULXP� FRQFHQWUDWLRQ� LQFUHDVHV�� WKH
FRQYHUVLRQ�)��)�� FHQWHUV� RFFXUV� DV� ZHOO� DV
WKH� IRUPDWLRQ� RI� DFWLYDWRU�YDFDQF\� FRP�
SOH[HV� LV� SRVVLEOH�� ,W� KDV� EHHQ� VKRZQ� WKDW
WKH� DEVRUSWLRQ� ZLWKLQ� WKH� ���Ü���� QP� UH�
JLRQ�PD\�EH�GXH�WR�WKH�)��FHQWHUV��7KH����
DQG�����QP�EDQGV�FRUUHVSRQG�WR�)�FHQWHUV�
7KH� DEVRUSWLRQ� VSHFWUD� RI� <$*�&H� FU\VWDOV
DQQHDOHG� LQ� R[LGL]LQJ� FRQGLWLRQV� DUH� VKRZQ
WR� FRQWDLQ� RQO\� WKH�&H��� EDQGV�� 7KH� OXPL�
QHVFHQFH� VSHFWUXP� RI� WKH� JURZQ� <$*�&H
FU\VWDOV�LQFOXGHV��EHVLGHV�RI�D�ZLGH�EDQG�RI
&H���LRQV��D�SHDN�QHDU�����QP�ZKLFK�FRUUH�
VSRQGV�WR�WKH�)�FHQWHU�OXPLQHVFHQFH�

5HIHUHQFHV
� ���$�<D�'DQ±NR�� 1�6�6LGHOQLNRYD�� *�7�$GRQNLQ
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HW� DO��� LQ� )XQFWLRQDO� PDWHULDOV� IRU� 6FLHQFH
DQG� (QJLQHHULQJ�� ,6&� 3XEO�� �������� S����
>LQ�5XVVLDQ@�

)LJ�����<$*�&H� OXPLQHVFHQFH�VSHFWUXP�XQGHU
H[FLWDWLRQ� DW� ���� QP� LQ� WKH� GHIHFW� OXPLQHV�
FHQFH�UHJLRQ�

)LJ�����<$*�&H� OXPLQHVFHQFH�VSHFWUXP�XQGHU
H[FLWDWLRQ�DW�����QP�
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